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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide superior battery output properties of a solid 
polymer-based electrolyte type fuel cell by adjusting the wettability of an ion-exchange 
fluoro polymer solvent-containing solution with a carbon-supporting body on which a 
catalytically active particle is carried and improving the utilization factor of the catalyst and 
the ion conductivity. 

SOLUTION: A solid polymer-based electrolyte type fuel cell is constituted of electrodes 
and solid polymer electrolytic substance members, and each of the electrodes comprises a 
carbon supporting body for supporting a particle having catalytically active property, a 
catalytic layer formed by immobilizing a mixture of a solvent having 5 degree or smaller 
contact angle to the carbon supporting body to support a catalytically active particle and a 
solid polymer electrolytic substance on the carbon supporting body, and a diffusion layer 
contacting the catalytic layer and each of the membranes is jointed to the electrodes to 
compose a membrane-electrode jointed body. Consequently, the contact surface area of 
the catalytic particle and the electrolytic substance is kept wide, and the utilization factor of 
the catalytically active particle and ion conductivity are improved and superior battery 
output can be obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the membrane electrode zygote which used the ion 
exchange membrane which has improved the ion conductivity in the catalyst bed containing especially a 
solid-state polyelectrolyte, and the utilization factor of a catalytic activity particle about the solid-state 
polyelectrolyte mold fuel cell which consists of a membrane electrode zygote constituted from a fuel and an 
oxidizer by the gas diffusion electrode manufactured from the catalytic activity particle for generating 
electrical energy directly, and ion exchange membrane. 
[0002] 

[Description of the Prior Art] Through the bipolar plate which formed the gas instrument of circulation, the 
laminating of two or more solid-state polyelectrolyte mold fuel cells is carried out by turns, and the unit cell 
constituted with the membrane electrode zygote which consists of the cathode of a gas diffusion electrode 
and anode which countered mutually and were arranged, and ion exchange membrane which it intervenes 
[ ion exchange membrane ] between them, does not pass substantially the electrolyte currently held, 
contacting two electrodes, and passes ion alternatively is constituted. In this fuel cell, using the 
electrochemical reaction which occurs by [ of oxidizers, such as fuel gas, such as hydrogen, and oxygen, ] 
supplying an anode [ of a gas diffusion electrode ], or cathode side, respectively, an oxidizer is returned in 
electrocatalysis at the same time a fuel oxidizes in electrocatalysis, and it generates electricity by 
transforming chemical reaction energy into direct electrical energy. 

[0003] A gas diffusion electrode possesses the catalyst bed which fixed the perfluorocarbon-sulfonic-acid 
resin film which consists of a copolymer of the perfluoro vinyl ether which is an ion exchange membrane, 
and tetrafluoroethylene to the front face of the carbon base material which made the catalyst of platinum, a 
ruthenium, a rhodium, iridium, tin, molybdenum, those alloys, etc. support. The catalyst bed is usually 
supported on the diffusion layer of porosity base materials, such as carbon paper, so that it may be made 
easy to touch fuel gas and oxidizing agent gas. While a catalyst support carbon material is an ingredient of 
original hydrophobicity, the solid-state polyelectrolyte solution used as an ion-exchange polymer contains 
water about 25% to about 45% including a fluoride sulfonic-acid polymer in the solution of a hydrocarbon 
solvent and water from the former. Therefore, the contact angle of said electrolytic solution to the carbon 
base material of an electrode was large. That is, the wettability to said electrolytic solution of the part which 
the part and catalyst particles which the catalyst particle has not deposited, such as platinum, have deposited 
on a catalyst support carbon base material falls, and it is no longer covered fully with the electrolyte with 
which said catalyst consists of an ion-exchange fluorine polymer. Here, it is expressed with the angle of the 
tangent which the front face of the drop of an electrolyte solvent drew to the drop side in that the front face 
of a solid carbon base material is crossed, and said carbon support surface to make a contact angle. 
[0004] Since the catalyst which constitutes said electrode is not fully covered with an electrolyte, 
electrochemical reaction with the fuel gas with which the catalyst use effectiveness is influenced and is 
supplied to an electrode, and oxidant gas is efficient, and does not stabilize and advance, and, therefore, the 
output characteristics of a cell are not obtained. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the mixed solution of alcohol, such as propanol, 
ethanol, or a butanol, and water was used as a solvent solution of an ion-exchange fluorine polymer as 
above-mentioned from the demand based on the need of dissolving said ion-exchange fluorine polymer, and 
compatibility with water. That is, about the solvent solution of this ion-exchange fluorine polymer, it is the 
purpose which attains improvement in catalyst use effectiveness, and maintenance of the ion-exchange 
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engine performance, and wettability adjustment to the carbon base material with which a catalytic activity 
particle is supported was not performed. Then, the solvent which can also improve the wettability to the 
carbon base material which can dissolve an ion-exchange fluorine polymer by the well-known approach in 
the field concerned, and can manufacture the polymer solution for forming an ion-exchange fluorine film or 
the film, and supports a catalytic activity particle is needed. 

[0006] the result to which this invention person examined many things about the above-mentioned technical 
problem — the mixing ratio of the above-mentioned alcohol, the alcohol in a water mixed solution, and 
water — with — **** — the contact angle of the solution which dissolved the ion-exchange fluorine polymer 
to a carbon base material can be adjusted, the wettability to said carbon base material can be improved, and 
it came to complete a header and this invention for improving the output characteristics of a cell as a result. 
The solid-state polyelectrolyte mold fuel cell of this invention consists of solid-state polyelectrolyte film 
which joins to the diffusion electrode which consists of the catalyst bed formed by fixing on said carbon 
base material using the mixture of the solvent with which the contact angle over the carbon base material 
which supports the particle which shows catalytic activity, and the carbon base material which supports said 
catalytic-activity particle becomes 5 or less times, and a solid-state polyelectrolyte, and the diffusion layer in 
contact with said catalyst bed, and said electrode, and constitutes a membrane electrode zygote. A solid-state 
polyelectrolyte mold fUel cell is characterized by said solid-state polyelectrolyte in the 1 st invention 
considering as a perfluoro sulfonic-acid polymer at invention of the 2nd of this application. [0007] 
[Embodiment of the Invention] The electrode of the solid-state polyelectrolyte mold fuel cell by this 
invention is constituted by said catalyst bed and diffusion layer. This catalyst bed sets the ink constituent of 
the catalyst equipped with platinum on the carbon base material, and the solution which dissolved 
perfluorocarbon-sulfonic-acid resin in the solvent to the technical field concerned. By well-known 
spreading, the spray, or other approaches A well-known approach is used for the carbon powder which 
carries out a coat, and obtains on diffusion layers, such as carbon paper or a carbon cross, or ion exchange 
membrane, or is supporting the catalyst of platinum etc. by the technical field concerned. Although the coat 
was carried out beforehand, upwards, said fluorine polymer solution can be obtained spreading or by 
carrying out a spray. The carbon base material which supports said platinum metal is a carbon powder 
particle whose particle diameter is 0.01 -several micrometers. In this case, it is required that the catalyst bed 
which has the thickness of about 1-50 micrometers should be used for the solid-state polyelectrolyte mold 
fuel cell of this invention. In this invention, it is desirable for a catalyst particle to deposit into a catalyst bed 
about 0.01 mg/cm2 - about 1 mg/cm2, and in beyond it. 

[0008] The included fluorine giant molecule is made into a frame as a component which has the functional 
group of the ion exchange membrane used as the solid-state polyelectrolyte of this invention, and what has 
any one or the plurality of a sulfonic group, a carboxylic-acid radical, and a phosphoric-acid radical is 
mentioned as a functional group. Generally, the perfluorocarbon-sulfonic-acid resin which consists of a 
copolymer of perfluoro vinyl ether and tetrafluoroethylene is adopted suitably. In addition, it is also possible 
to use a perfluoro olefin like hexafluoropropylene, chlorotrifluoroethylene, and perfluoro alkoxy vinyl ether 
instead of the tetrafluoroethylene which is the monomer which constitutes the fluorocarbon polymer which 
has said functional group. After copolymerization, if required, it is also convertible for the functional group 
of proton shift nature with after treatment, such as hydrolysis, for example. The exchange capacity of the 
component which has a functional group is defined by the number of mols of the functional group perg, and 
is usually measured by the titrimetric method. The exchange capacity of the component which generally has 
a functional group is 0.8 - 2 milliequivalent /g, and is 0.9 - 2 milliequivalent /g preferably. If smaller than 
0.8 milliequivalent / g, resistance will become large, the engine performance will fall, and if larger than 2 
milliequivalent / g, the fall on the strength as the membranous structure will become large. As this 
perfluorocarbon-sulfonic-acid resin ion-exchange polymer, there is a NAFION (trademark) solution of U.S. 
I eye E. I. du Pont de Nemours dough NUMURU- and - Company. 

[0009] In this invention, generally the polymer concentration in an ion-exchange fluorine polymer solution 
is about 1 % of the weight - 1 0 % of the weight, and the solution is manufactured from perfluoro vinyl ether, 
the fluorine polymer which is the copolymer of tetrafluoroethylene, and a new solvent. The preparation of a 
solution is as follows. Mixture with water, the mixed solvent of an organic solvent, a fluorine polymer, for 
example, perfluoro vinyl ether, and a tetrafluoroethylene copolymer is added in containers, such as a 
shaking tube, and it is made to contact for at least 0.5 hours at the temperature within the limits of about 
180-250 degrees C. The contact is performed usually agitating by carrying out shaking of whether the closed 
pressurized container is vibrated. And an ion-exchange fluorine polymer is obtained by cooling. 
[0010] The solution of said ion-exchange fluorine polymer dissolves a polymer into a solution with an 
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alcoholic solution, for example, propanol, isopropyl alcohol, other alcohols, for example, ethanol, or a 
butanol. In this invention, the organic solvent which mixed one or more at least among water-soluble 
organic solvents, such as a methanol, propanol, isopropanol, butyl alcohol, isobutyl alcohol, methoxy 
ethanol, methoxy propanol, ethoxy ethanol, and a methyl ethyl ketone, can also be used. An organic solvent 
is [ 80 % of the weight - 100 % of the weight and water ] 0 % of the weight - 20 % of the weight, preferably, 
an organic solvent is 85 % of the weight - 100 % of the weight, water is 0 % of the weight - 1 5 % of the 
weight, and an organic solvent is [ 90-100, and the water of the mixing ratio of the water-soluble organic 
solvent and water ] 0-10 especially preferably. The range of the contact angle over said carbon base material 
of this mixed solvent is 5 degrees or less. If there are few organic solvents in a mixed solvent than 80 % of 
the weight, the contact angle over said carbon base material of the mixed solvent will exceed 5 degrees, and 
the contact angle in each case will tend to become large with reduction of the amount in which the organic 
solvent is contained further. When this contact angle exceeded 5 degrees, it turned out that the touch area of 
an ion-exchange polymer solution and a catalyst particle decreases rapidly, and ion conductivity falls. 
[0011] 

[Example] Hereafter, the example of this invention is explained. 

(Example) To the electrode made from E-TEK (amount of platinum support 0.5 mg/cm2 on a carbon base 
material) The NAFION (trademark) solution by U.S. Du Pont which penetrates alternatively the mixed 
solvent and proton of the ethyl alcohol/water [ as / whose contact angle over carbon support is 1.8 degrees ] 
for example, after applying according to brush processing or spraying and fully drying, as ion exchange 
membrane which consists of a copolymer of this electrode layer, perfluoro vinyl ether, and 
tetrafluoroethylene the U.S. Du Pont make of 50 micrometers of thickness which already ended hydrolysis - 
- by NAFION(trademark) NF 1 12, thermocompression bonding of an electrode layer and the film was 
carried out the condition for 135 degrees C, 50kg/cm2, and 2 minutes, and the membrane electrode zygote 
was produced. It has the slot of the Serpentine mold with which this membrane electrode zygote was fixed 
to the interior, and oxygen is supplied [ the inside of the fuel eel for an experiment which used the carbon 
block whose electrode surface product is 2 25cm, and the field heater ] for the hydrogen gas as fuel gas as 
oxidant gas from an external source of supply by the 50-degree C basis, respectively, it operates, and the 
electrical potential difference and current density of this membrane electrode zygote are measured. The 
result is reported to drawing 1 . 

[0012] (Example of a comparison) To the electrode made from E-TEK (amount of platinum support 0.5 
mg/cm2 on a carbon base material) The NAFION (trademark) solution by U.S. Du Pont which penetrates 
alternatively the mixed solvent and proton of the propyl alcohol/water whose contact angle over a carbon 
support base is 38 degrees this electrode layer after applying and fully drying like an example, and the U.S. 
Du Pont make of 50 micrometers of thickness which already ended hydrolysis — by NAFION(trademark) 
NF 1 12, thermocompression bonding of an electrode layer and the film was carried out the condition for 135 
degrees C, 50kg/cm2, and 2 minutes, and the membrane electrode zygote was produced. The obtained 
membrane electrode zygote is fixed in the fuel eel for an experiment like an example, and the electrical 
potential difference and current density of this membrane electrode zygote are measured. The result is 
reported to drawing 1 . 

[0013] The voltage-current property of the membrane electrode zygote of the example of this invention and 
the example of a comparison was shown in drawing 1 , respectively. The current-voltage curve of the 
membrane electrode zygote using the solvent of the example of this invention is as Curve A, and showed 
cell voltage 0.38V in current density 2 A/cm2. On the other hand, the current-voltage curve of the 
membrane electrode zygote of the example of a comparison is as Curve B, and showed cell voltage 0.2V in 
current density 2 A/cm2. 

[0014] Drawing 1 showed that adjusted the contact angle over the catalyst support carbon base material of 
the solvent of the solid-state polyelectrolyte solution which constitutes a solid-state polyelectrolyte mold 
fuel cell, and the solid-state polyelectrolyte mold fuel cell of this invention with which a catalyst particle is 
enough covered with an electrolyte was excellent in the cell output compared with the conventional solid- 
state polyelectrolyte mold fuel cell which is not adjusting the contact angle. It turned out that the 
effectiveness of this invention is acquired with the solid-state polyelectrolyte solution using a solvent with 
which the contact angle over the catalyst support carbon base material becomes 5 degrees or less. [0015] 
[Effect of the Invention] When the solid-state polyelectrolyte of the catalyst bed which constitutes a 
membrane electrode zygote is formed according to this invention so that the carbon support base which 
supported the catalytic activity particle may be contacted as stated above, By adjusting the contact angle 
over said carbon support base of the solid-state polyelectrolyte solution As a result of increasing the area 
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which a solid-state polyelectrolyte fixes and joins to said carbon base material, when the use effectiveness 
and the ionic conductivity of a catalytic activity particle in the inside of the catalyst bed improve, 
outstanding cell output characteristics can be obtained. 

[Translation done.] 



http ://www4 . ipdl . ncipi . go . jp/cgi-bin/tran_web_cgi_ejj e 9/ 1 5/2006 



JP, 10-340731, A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The solid-state polyelectrolyte mold fuel cell characterized by to constitute from solid-state 
polyelectrolyte film which joins to the electrode which consists of the catalyst bed which formed by fixing 
on said carbon base material using the mixture of the solvent with which the contact angle over the carbon 
base material which supports the particle which shows catalytic activity, and the carbon base material which 
supports said catalytic-activity particle becomes 5 or less times, and a solid-state polyelectrolyte, and the 
diffusion layer in contact with said catalyst bed, and said electrode, and constitutes a membrane electrode 
zygote. ; 

[Claim 2] The solid-state polyelectrolyte mold fuel cell according to claim 1 characterized by said solid- 
state polyelectrolyte considering as a perfluoro sulfonic-acid polymer. 



[Translation done.] 
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[Drawing 1] 
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